G
reater Mumbai is a metropolitan area with a population of approximately 21 million, of which approximately 60% are slum-dwellers lacking basic household amenities, including running water and sanitation. 1 Poverty and poor living conditions have long been associated with the occurrence and transmission of infectious diseases, especially tuberculosis (TB). 2 TB infection control (IC) measures aimed at reducing the risk of TB transmission are well recognised. 3, 4 Although a number of initiatives have been adopted for IC in health care settings, [5] [6] [7] [8] limited work has been done to reduce the risk in patients' households. 9 Similar to the situation seen in health care workers in direct contact with TB patients attending health care facilities, 10 the incidence of active TB disease among household contacts of TB patients also exceeds that reported in the general population. [11] [12] [13] [14] Until a person with pulmonary TB is on an adequate treatment regimen that is likely to make him/her no longer infectious, those living in the same household and neighbouring residents may be at constant risk of inhaling TB bacilli, including multidrug-resistant (MDR-TB) and extensively drug-resistant TB (XDR-TB).
The national guidelines on airborne IC in India briefly mention community IC, including a suggestion to counsel patients and family members on cough etiquette and respiratory hygiene. 15 However, as in most settings, there are delays in accessing prompt TB diagnosis and treatment, 16 which is the most effective way to prevent transmission of TB. Although the national TB programme conducts contact tracing to identify cases in the household, follow-up is inefficiently done. 17 Despite the importance of the household environment in TB transmission, very few experiences have been documented, particularly in resource-limited settings. One challenge has been the lack of simple tools for assessing the risk of transmission in the household environment and a set of standardised, non-sophisticated and inexpensive interventions that could be implemented to reduce such an assumed risk.
In the present study, we aimed to describe our experience assessing the need for and implementing TB IC measures in households of MDR-TB and XDR-TB patients co-infected with the human immunodeficiency virus (HIV) enrolled in a Médecins Sans Frontières (MSF) programme in a slum setting in Mumbai, India.
METHODS

Study design
This is a descriptive study of a routine programme model of TB IC measures implemented during 2012-2013 in the households of patients followed under a MSF TB-HIV programme in Mumbai, India.
Setting and study population
MSF started an HIV project in Mumbai, India, in 2006, under which treatment for MDR-TB patients co-infected with HIV has been available since 2007. More than 70% of the patients enrolled in the MSF programme are slum dwellers, as previously described. 18, 19 TB IC assessments and interventions were carried out in households of DR-TB patients co-infected with HIV from May 2012 to March 2013, after patient consent had been obtained.
Infection control assessment and interventions
The hierarchy of TB IC measures used to design the tools utilised in the programme are presented in Table 1 . The first visit to each patient household was made once the patient was registered in the programme and had given verbal consent for a TB IC assessment at their residence. Each visit was performed by a team consisting of a nurse, a social worker and an IC officer. The IC team was occupied part-time in the IC intervention at the household, and involved part-time in other programme activities.
A simple, standardised tool in the form of a checklist (Table 2 ) was used to assess the risk of TB transmission in the patient's home. Along with the IC assessment, a socio-economic assessment of the family was made by the assigned social worker. Based on the results of the risk assessment, and after obtaining consent from the patient and the family, IC interventions chosen from a list of standardised interventions (Table 3) were carried out, and tailored to the type of residence and the needs of the patient and the family.
Once the preparations were complete, a second visit to the patients' home was made to implement IC interventions recommended at the time of the assessment. Existing openings (i.e., doors and windows), fans and air extractors were used to improve the air exchange in the relevant room(s). Traditional incense sticks were used to assess the flow of air in the room/house and to guide the placement of extractors and mechanical fans. A supply of surgical masks was given to the patients, which they were advised to wear until the risk of infectivity had decreased (i.e., until the sputum smear and culture results had converted to negative).
At all stages of the intervention, a household report (Table 4 ) was maintained; the report included the location of residence, the number of household members living with the patient, the status of the patient's residence (whether owned or rented) and details of IC measures that needed to be implemented.
Data collection and analysis
Data were compiled from the records of IC assessments of patient homes and the IC interventions carried out between May 2012 and March 2013. The data collected were recorded in electronic format and in hard copy. Records were cross-verified by the investigators for completeness and accuracy. A descriptive analysis was prepared on the basis of the findings and the interventions implemented.
Ethics
The study satisfied the criteria for reports using routinely collected programme data on patients followed in a MSF TB-HIV programme and set by the independent MSF Ethics Review Board in Geneva, Switzerland. Informed verbal consent was obtained from patients before any home visit.
RESULTS
IC assessments were carried out between May 2012 and March 2013 in the households of 29 DR-TB patients, 23 of whom were co-infected with HIV. All 29 patients were diagnosed during the study period and none of the patients refused IC assessments. The general characteristics of the patients in the programme have been reported elsewhere. 18 The mean patient age was 34 years (standard deviation 9.4), and the majority (62%) were male. The median number of adult members per household was 2.5 (interquartile range [IQR] 1-5), and approximately half of the households (14/29) included children, including two with one child aged 5 years. Of the 29 study patients, 6 (21%) lived in rented accommodation, and only 10% (3/29) were employed. In four of the households, there was another HIV-infected member apart from the index case.
Administrative measures included health education for all 29 patients and their families on the mode of TB transmission and how to reduce its risk (e.g., the need to sleep in separate rooms). Patients were educated about cough hygiene (e.g., how to dispose of sputum), which was accompanied by the distribution of surgical masks and information on how and when they should be worn by the patients.
Environmental TB IC interventions were carried out in 22/29 (75.9%) households. The following electrical devices were installed in the 22 households: 30 air extractors, 23 standing fans, 5 ceiling fans, 2 table fans and 2 wall fans. The average number of devices installed per household was 2.8, at an average cost of 4500 Indian rupees (70 USD) per household. Seven households did not require any environmental TB IC interventions.
Household contacts of all 29 patients were not given personal protective devices (e.g., N95 respirators) due to logistic and financial constraints. Figure 1 details the different IC interventions car- 
Public Health Action DR-TB infection control at household level 37
ried out in the households of the 29 patients. Figure 2 illustrates a case study showing the situation before and after the introduction of environmental TB IC interventions in one patient's household, including the arrangement of fans and air extractors in the different parts of the house, as well as the patient's sleeping arrangements.
DISCUSSION
To our knowledge this is the first description of a TB IC intervention conducted in households of DR-TB-HIV co-infected patients in a slum setting in India, and probably among the first descriptions of TB IC interventions at household level in resource-limited settings. A number of studies have investigated aspects of TB IC in health facilities, but few have been carried out in patients' homes. [5] [6] [7] [8] [9] Early case detection followed by prompt initiation of a robust treatment regimen and good adherence support remain the most effective IC measures to prevent TB transmission to household contacts and the community. The World Health Organization (WHO) recommends that patients with MDR-TB be treated using mainly ambulatory care rather than models of care based principally on hospitalisation. 20 This implies that implementation of TB IC measures is necessary early during the course of treatment to reduce the risk of transmission to household members and the community until the patient is no longer infectious. 4 According to the WHO, 'MDR-TB increases the risk of morbidity and mortality, particularly in people living with HIV. Additional infection control measures should therefore be implemented for the management of MDR-TB patients at home.' 4 Directing resources to improving IC in homes of patients can be questioned, given the evidence that infectiousness decreases soon after appropriate treatment is initiated. However, designing appropriate treatment for patients in settings with a high prevalence of fluoroquinolone resistance may not be feasible.
Studies have shown that good household ventilation is an essential component for TB IC. 9, 21 Overcrowding in households has been found to be related to TB mortality. 22 As reported by Chamie et al., improving household ventilation thus reduces TB transmission and enhances TB prevention efforts in TB-endemic areas. 9 Natural ventilation can undoubtedly produce high rates of air exchange as long as the windows are of sufficient size and situated to allow cross-ventilation; unfortunately, this was often not possible in the households of patients in this Mumbai cohort. The majority of these DR-TB patients lived in rented homes in slum settings; major structural changes (e.g., the creation of new windows to allow for cross-ventilation) were often not possible, especially as household structures often shared walls with neighbouring houses. Wind-driven roof turbines were also not installed, as many of the homes occupied the basement of a two-storey dwelling; moreover, there were concerns regarding possible water leakage during the monsoon season. Basic mechanical ventilation was the best option for improving air exchange in most households (ceiling fans, standing fans and air extractors). Optimal placement of these devices was tested with the help of incense sticks, which were used to determine the direction of air flow.
All TB IC interventions in resource-limited settings should be as simple as possible, culturally acceptable, and feasible for TB 
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patients and household members. An earlier qualitative study carried out in 2011 among HIV patients followed in this MSF clinic revealed a widespread fear of forced disclosure during home visits. 23 A determined effort was therefore made not only to seek the consent of patients before any visit, but also to minimise the number of subsequent home visits. Socio-economic assessments were carried out to ascertain the economic conditions of the patients and the need for support with food rations for patients and their families. Psychosocial assessments were also performed, and were useful in assessing the level of acceptance to the TB IC intervention being planned. We created awareness of the need for TB prevention by involving other household members. An important part of the process involved preliminary counselling for the TB patients and their family members about TB and HIV disclosure. As the TB patients had the right to decide whether or not to allow visits for a TB IC assessment and intervention, the role of the counsellor in explaining about TB prevention became crucial. IC interventions should also be considered at the community level, including community involvement in the early detection of TB and DR-TB, and provision of information on access to diagnosis and treatment. Another step involves creating awareness about cough hygiene, sanitation and good home ventilation across communities. Community models should be explored to understand how to optimise effective community participation and implementation of such measures.
The study had several limitations. First, the numbers in our study are small and we collected a limited set of data. Nevertheless, this Mumbai cohort of HIV-co-infected DR-TB patients is among the largest cohorts reported, as the global cohort of patients on second-line anti-tuberculosis treatment is still relatively small. 24 Second, as this is a descriptive study, we did not measure 
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the effectiveness of the interventions implemented. We were therefore not able to determine final outcomes, such as reduced TB transmission, at the family and household levels, nor were we able to report surrogate endpoints such as increased ventilation measured in air changes per hour. We were also not able to ascertain whether or not the proposed interventions were consistently followed by the patients. However, we used existing guidelines to assess the risk of transmission and to implement simple but affordable administrative and environmental measures for TB IC. Lastly, we acknowledge that any reduction in the risk of DR-TB transmission after a patient has been diagnosed and started on appropriate second-line treatment will be directly proportional to the duration of infectiousness. TB IC measures in the household can be assumed to have the greatest impact on the rate of DR-TB among household contacts when the pattern of drug resistance is complicated and where limited treatment options make it difficult to prescribe a robust anti-tuberculosis regimen with high chance of cure. IC at the household level could be beneficial in protecting family members, particularly children and the elderly, from becoming infected with drug-susceptible and drug-resistant strains of TB. The importance of TB IC to those living with HIV is well recognised and documented. 25, 26 In resource-limited settings, lowcost interventions such as the opening of windows to allow air 
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exchange through natural ventilation (or at least keeping the existing openings clear from obstacles) or the use of very basic mechanical ventilation (e.g., fans and air extractors) should be adopted, as these may reduce the risk of TB transmission and are certainly more feasible than costly, high-maintenance mechanical ventilation systems. One of a number of current research opportunities related to TB IC would be household transmission after initiating DR-TB treatment in settings with fluoroquinolone resistance and among HIV-infected adults and children. 
CONCLUSIONS
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Published by The Union (www.theunion.org), PHA provides a platform to fulfil its mission, 'Health solutions for the poor'. PHA publishes high-quality scientific research that provides new knowledge to improve the accessibility, equity, quality and efficiency of health systems and services. duermen los pacientes, optimización de la ventilación natural mediante la abertura de las ventanas, la eliminación de las cortinas y los obstáculos al flujo del aire, la instalación de ventiladores y extractores de aire y el suministro de mascarillas de quirófano a los pacientes durante un período limitado. Se llevaron a cabo intervenciones ambientales en 22 casas. Conclusiones: El IC para la TB puede constituir un componente útil de un programa integral de atención de la TB y la infección por el VIH en los hogares y las comunidades. Aunque las intervenciones plantean dificultades en el contexto de las viviendas precarias, se pueden introducir medidas de IC que sean factibles, abordables y aceptables en estos entornos, mediante la utilización de instrumentos sencillos y normalizados. Las intervenciones adecuadas a escala de los hogares también pueden prevenir la aparición de nuevos casos de TB-DR, sobre todo en los hogares de los pacientes con menos probabilidades de curación.
